18 kW and worked with an oil-forced draught burner. The efficiency of the boiler was 92%. Table 1 presents the percentage compositions of elements in tested fuel. The calorific value of oil was 43.5 MJ/kg, and its average kinematic viscosity was 3.6 mm 2 /s. During all period of measurements the indoor temperature was 20ºC±0.5ºC. The measurements started after a minimum two-hour operation of the boilers each time. The inspection opening was made in the flue conduit to collect gas probes.
The measurements included flue gas temperature, ambient temperature, O 2 , CO 2 , CO, NO X , pressure, and an air excess number using the Manual Testo Flue Gas Analyzer. Instrument accuracy was as follows:
• Temperature between 0 and +100ºC (±0.5ºC and ±0.5% of measured value outside this range) • Carbon monoxide concentration between +0 and +200 ppm CO (±10 ppm, in the range between +201 and 2000 ppm CO ±20 ppm) • Efficiency between 0 and +120% (0.1%) • Carbon dioxide concentration between +0 and +10,000 ppm CO 2 : ±50 ppm • Nitrogen monoxide between 0 and 100 ppm NO: ±5 ppm and between +101 and 2000 ppm NO: ±0.5% of measured value Test results were recorded in regular time intervals to check consistency in emission values, and each source, data transcription, and calculation was checked in respect to errors. Each time the measurements started with an oil pressure of 0.8 MPa. The concentrations of CO 2 , O 2 , CO, NO, and temperature of the flue gas were recorded every five minutes. One series included 20 measurements. Then the oil pressure was changed by 0.05 MPa and all steps were repeated until oil pressure achieved 1.5 MPa. However, if CO emissions exceeded the maximum value of 2,000 ppm,the measurements were stopped -irrespective of oil pressure. During measurements I tested nozzles that differed by type: hollow (H), solid (S), partly solid (B) cone; spray angle (45-60o) and capacity (in range from 2.08 to 2.45 kg/h).
Results and Discussion
The first part of tests included three nozzles with hollow cones, which differed in capacity: 2.08 kg/h (No. 1), 2.27 kg/h (No. 2), and 2.45 kg/h (No. 3). Data recorded during measurements showed the average pollution emission of the nozzle with biggest capacity was higher than from smaller ones (Fig. 1) .
Carbon monoxide emission was the lowest in pressure range from 0.8 to 0. IV showed the reduction of CO levels with increasing oil pressure. The maximum value (330 ppm) was recorded for 0.8 MPa, while the minimum (15 ppm) was for 1.5 MPa. The results showed that only for pressure range from 1.1 to 1.2 MPa were CO values acceptable for all nozzles. The average NO emission (Fig. 4) in tested oil pressure range was from 22 ppm (nozzle No. II) to 58-64 ppm (nozzle Nos. I, III, and IV). The third part of measurements was conducted on three kinds of nozzles with different nozzle spray patterns (hollow cone -nozzle H, solid cone -S, and semi-solid cone -B), while capacity rating was 2.67 kg/h and spray angle was constant in all cases (Figs. 5, 6 ).
The main tendency observed from the results shows that the higher the oil pressure was, the higher the amount CO and NO recorded for all types of nozzles. The lowest CO concentrations were measured for hollow and semisolid nozzles (27-50 ppm in all pressure ranges). In the case of a hollow nozzle for low pressure (0.8-1.1 MPa), CO level was 18-27 ppm. For oil pressure 1.15 MPa it started to rise (101 ppm) and exceeded 2,000 ppm CO for 1.3 MPa. NO level was below 90 ppm for all nozzle types and oil pressure values. The lowest concentrations of nitrogen monoxide were recorded for semi-solid nozzles.
Conclusion
Measurements confirmed that pollutant emissions depend on oil pressure, but the correlation between CO concentration in the flue gas and oil pressure differed for solid and hollow nozzles. In the case of NO concentration, levels for all nozzles were low and increased with higher oil pressure. The choice of proper nozzle type and oil pressure level should be done by qualified staff because these factors determine pollutant levels. This is extremely important in the case of small single-family homes because their owners often forget about the necessity for technical inspections of boilers and burners. 
